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Summary
Objective: To assess influenza vaccination coverage among recommended adult populations in
the United States.
Methods: Data from the 1989 to 2005 National Health Interview Surveys (NHISs), weighted to
reflect the civilian, non-institutionalized U.S. population, were analyzed to determine self-
reported levels of influenza vaccination among persons aged ≥65 years, persons with high-risk
conditions, health care workers (HCW), pregnant women, and persons living in households with
at least one identified person at high risk of complications from influenza infection. We stratified
data by race/ethnicity to identify racial/ethnic disparities.
Results: Vaccination coverage levels among all recommended adult populations peaked in 2004,
then declined in 2005 in association with the 2004—2005 vaccine shortage. Coverage for adults

≥65 years of age increased from 30.1% (95% confidence interval [CI]: 28.8—31.3) in 1989 to 70.0%
(68.0—71.5) in 2004. In 2004, coverage was 40.7% (39.0—42.5) for all adults 50—64 years, 27.2%
(24.6—29.9) for adults aged 18—49 years with high-risk conditions, 43.2% (39.9—46.6) for health

23.4) for non-high-risk adults aged 18—64 years with a high-risk
care workers, 21.1% (19.1—

household member, and 14.4% (8.8—22.9) for pregnant women. Among each of the recom-
mended adult sub-groups, vaccination coverage was higher for non-Hispanic whites compared
to minority groups.

� Disclaimer: The findings and conclusions in this presentation are those of the authors and do not necessarily represent the views of CDC.
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Conclusions: By 1997, influenza vaccination coverage had exceeded the national 2000 objective
of 60% among persons aged ≥65 years, but by 2004 still remains well below the national 2010
target of 90%. Coverage levels for other groups targeted for influenza vaccination also are far
short of the Healthy People 2000 and 2010 goals of 60% for persons aged 18—64 years with high-risk
conditions, health care workers, and pregnant women. A concerted effort to increase provider
adoption of standards for adult immunization, public awareness, and stable vaccine supplies are
needed to improve influenza vaccination rates among recommended groups, and to reduce racial
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Introduction

Influenza is a major cause of morbidity and mortality
among adults in the United States. During the 1990—1999
influenza seasons, approximately 36,000 excess deaths were
attributed annually to influenza with more than 90% of
deaths occurring in persons 65 years and older [1,2].
Influenza-related disease is responsible for an average of
226,000 excess hospitalizations per year in the United
States [3]. The influenza vaccine has been proven to be an
efficacious and cost-effective tool for reducing morbidity
and mortality associated with influenza in adults [4—11].
Influenza vaccination of healthy working adults <65 years
of age can decrease the rates of influenza-like illness, lost
workdays, and physician visits and can prevent illness and
complications among children and older adults [11—16]. The
economic impact of influenza infection is substantial. The
cost of a severe influenza epidemic has been estimated to be
$87.1 billion [17]. Much of this illness, death and associated
economic costs could be prevented with higher influenza
vaccination coverage levels.

Influenza vaccination is recommended for persons at
increased risk for complications from influenza, includ-
ing all persons aged 65 years and older, younger persons
with chronic diseases such as diabetes, chronic heart con-
ditions, chronic obstructive pulmonary disease (COPD),
asthma, cancer, and kidney failure, and women who will
be pregnant during the influenza season. Influenza vac-
cine is also recommended for persons who can transmit
influenza to those at high risk such as health care workers
(HCW), and household contacts [1]. In addition, all per-
sons 50—64 years are recommended to be vaccinated as
a substantial proportion of persons in this group have one
or more medical conditions which increase their risk of
complications.

Despite the presence of safe and effective vaccine and
long-standing recommendations to provide annual influenza
vaccination to target populations, vaccination levels are
suboptimal [18—26]. To assess progress toward achieving
2010 national health objectives and implementation of the
Advisory Committee on Immunization Practice (ACIP) rec-
ommendations, we analyzed the data from 1989 to 2005
National Health Interview Survey (NHIS). This study eval-
uated: (1) influenza vaccination prevalence among persons

aged ≥65 years, persons 50—64 years, adults aged <65 years
with high-risk conditions, health care workers, pregnant
women, and persons in close contact with persons at high
risk; (2) trends in vaccination; and (3) racial/ethnic dispar-
ities in influenza vaccination among target populations.

o
h
H
s
c

ethods

he National Health Interview Survey is a national household
urvey conducted annually by National Center for Health
tatistics (NCHS). The data have been continuously collected
ince 1957. The NHIS questionnaire consists of two basic
arts: a set of basic health and demographic items; and
ne or more sets of questions on current health topics [27].
his analysis used variables from the sample adult core. In
he sample adult core, one adult per sampled family was
andomly selected and asked to complete the sample adult
uestionnaire. In 2004, a total of 31,326 adults aged 18
ears and older participated. The final response rate for the
ample adult core was 72.5%.

Participants were asked ‘‘During the past 12 months,
ave you had a flu shot?’’ Vaccination status was deter-
ined by their affirmative or negative answer. Respondents
ere also asked whether they had ever been told by
doctor or other health professional that they had

‘emphysema,’’ ‘‘chronic bronchitis,’’ ‘‘coronary heart
isease,’’ ‘‘angina,’’ ‘‘a heart attack,’’ any other heart
ondition or heart disease,’’ ‘‘diabetes,’’ ‘‘kidney fail-
re,’’ or ‘‘cancer’’. Questions regarding asthma status
ere ‘‘Have you ever been told by a doctor or other health
rofessional that you had asthma?’’ and ‘‘During the past
2 months, have you had an episode of asthma or asthma
ttack?’’ In addition, female respondents were asked ‘‘Are
ou currently pregnant?’’

We defined high-risk persons as individuals who self-
eported one or more of the following: ever being told by
physician they had diabetes, emphysema, coronary heart

isease, angina, heart attack or other heart condition; being
iagnosed with cancer in the past 12 months (excluding non-
elanoma skin cancer) or ever being told by a physician

hey have lymphoma, leukemia or blood cancer; during the
ast 12 months, being told by a physician they have chronic
ronchitis or weak or failing kidneys; or reporting an asthma
pisode or attack in the past 12 months.

Individuals were classified as health care workers if
hey were currently employed in a health care occu-
ation or in a health care industry setting, based on
tandard occupation and industry categories recoded into
ccupations, health assessment and treating occupations,
ealth technologists, and health service occupations.
ealth care settings included hospitals, nursing or per-
onal care facilities, and offices of physicians, dentists,
hiropractors, optometrists or other health care practition-
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Figure 1 National Health Interview Survey (NHIS)
1989—2005. *Each year includes persons interviewed dur-
ing February—August of the year and approximates coverage
for the prior fall-winter vaccination period (2005 means
2004—2005 season, and so on). **Household contacts are
persons aged 18—64 years living in households with at least one
identified person at high risk of complications from influenza
infection including children <2 years. Vaccination of contacts
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rs. Classification of HCW is described further in Walker
t al. [25].

Household contacts were defined as persons aged 18—64,
ho themselves were not in an high-risk group and not an
CW, living in households with at least one identified per-
on at high risk of complications from influenza infection.
ecause only one sample adult is selected per family, high-
isk adult family members could only be identified on the
asis of age at the time of the survey (≥65 years). High-
isk child family members were identified based on age and
igh-risk conditions (all children <2 years, and children 2—17
ears with high-risk conditions such as asthmas, cystic fibro-
is, sickle cell anemia, diabetes, congenital heart disease,
nd other heart conditions). In addition, since 1997 a sam-
le child/adult was selected for each family, not just each
ousehold.

We assessed influenza vaccination among ACIP adult tar-
et groups and stratified by race/ethnicity. Wald Chi-square
tatistical tests were performed to see if racial/ethnic dif-
erences within each target group were significant. Influenza
accination rates from 1989 to 2005 or 1997 to 2005 were
valuated based on whether the variables were available or
ot in each survey year. A test for linear trends in recent
ears was conducted for each target group [28]. Individuals
ho refused to answer the influenza vaccination question or
id not know their vaccination status were excluded from
he analysis. There were 1.4% (275) individuals who did not
now their influenza vaccination status in 2004. This pro-
ortion varied from 1989 to 2005 (ranged from 0.01% to
.0%). Since 2004, a question on receipt of the influenza
asal spray vaccination was included in the questionnaire,
ut we excluded those data from the analysis because the
umber who reported vaccination with the spray alone in
he past 12 months was very small (<0.5%) and these reports
ay be less accurate. To better approximate past season

overage, we reported coverage restricted to individuals
nterviewed during February through August. For exam-
le, respondents interviewed February—August 2004 were
nalyzed to estimate influenza vaccine coverage for the
003—2004 influenza season. We focused primarily on NHIS
004 data (2003—2004 season) in the results because of a
accine shortage for the 2004—2005 season, which was asso-
iated with substantially lower vaccine coverage estimates
ased on the 2005 NHIS data.

SUDAAN statistical software (Software for the statisti-
al analysis of correlated data, Research Triangle Institute;
esearch Triangle Park, NC) was used to generate point esti-
ates and 95% confidence intervals and to account for the

omplex sampling design of the National Health Interview
urvey. All analyses were weighted to reflect the age, sex,
nd race/ethnicity of the U.S. non-institutionalized civilian
opulation.

esults

fter excluding participants with missing values for our study

ariables, 18,356 participants were included in the analysis
n 2004; among those adults, 22.4% were 50—64 years of
ge, and 19.2% were 65 years or older. Among persons aged
8—64 years, 18.7% reported having a high-risk condition.
ealth care workers made up 8.2% of respondents.

p
b
d
w
c

f children <2 years was just encouraged for 2002—2003 and
003—2004 seasons, and then fully recommended for the
004—2005 season of vaccine shortage.

Influenza vaccination coverage in 2004 for adults ≥65
ears of age was 70.0% (95% CI = 68.0—71.5%) compared
o 40.7% (95% CI = 39.0—42.5%) for persons aged 50—64
ears. During 1989—1999, influenza vaccination coverage
or elderly adults increased steadily each year (test for
rend, p < 0.05), but plateaued from 1999 to 2004 (test for
rend p > 0.05) (Fig. 1, Table 1). The coverage dropped sub-
tantially in 2005. In 2004, vaccination coverage levels for
ersons ≥65 years of age were 72.7% (95% CI = 70.9—74.4%)
or non-Hispanic whites, 49.5% (95% CI = 43.1—55.9%) for
on-Hispanic blacks, and 59.0% (95% CI = 52.5—65.3%) for
ispanics (Table 2).

In 2004, coverage among persons aged 18—64 years
ith high-risk conditions was lower for younger adults

ages 18—49: 27.2% [95% CI = 24.6—29.9%] vs. ages 50—64:
0.5% [95% CI = 47.2—53.9%]) (Table 1) overall and in each
acial/ethnic group (Table 2). In both age groups (18—49 and
0—64), vaccination coverage was higher among high-risk
ersons (27.2% and 50.5%, respectively) compared to those
ithout identified high-risk conditions (18.6% and 36.8%,

espectively). From 1999 to 2004, influenza vaccination
overage among those aged 50—64 years with high-risk con-
itions remained at a stable level (test for trend: p > 0.05)
Fig. 1, Table 1), but coverage slowly increased for persons
ged 18—49 years with high-risk conditions during the same

eriod (test for trend, p < 0.05). Among high-risk persons in
oth age groups (18—49 and 50—64), coverage substantially
eclined in 2005. Vaccination coverage in both age groups
as significantly lower for non-Hispanic blacks and Hispanics
ompared to non-Hispanic whites (p < 0.01) (Table 2).
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Table 1 Influenza vaccination coverage for recommended adult populations, National Health Interview Survey (NHIS)a

NHIS 2004 NHIS 2005

Sample size Weighted sample size Vaccination rate (95% CI) Sample size Weighted sample size Vaccination rate (95% CI)

Age group
50—64 4,076 47,757,022 40.7 (39.0, 42.5) 4,399 49,214,722 21.4 (20.1, 22.8)
65+ 3,491 34,019,061 70.0 (68.0, 71.5) 3,603 34,251,524 60.2 (58.3, 62.2)

Persons with high-risk condition
18—64 2,724 31,726,465 37.5 (35.3, 39.8) 3,000 34,203,280 24.5 (22.8, 26.3)
18—49 1,502 17,599,726 27.2 (24.6, 29.9) 1,560 18,724,466 17.6 (15.5, 19.9)
50—64 1,222 14,126,739 50.5 (47.2, 53.9) 1,440 15,478,814 33.0 (30.3, 35.7)

Persons without high-risk condition
18—64 11,837 146,073,420 22.8 (21.8, 23.7) 12,215 145,305,367 10.3 (9.7, 10.9)
18—49 8,995 112,574,496 18.6 (17.6, 19.6) 9,262 111,627,834 8.5 (7.9, 9.2)
50—64 2,842 33,498,924 36.8 (34.8, 38.9) 2,953 33,677,533 16.2 (14.6, 17.8)

Pregnant women 156 1,967,438 14.4 (8.8, 22.9) 180 2,155,587 13.2 (8.3, 20.3)
HCW 1,188 14,376,913 43.2 (39.9, 46.6) 1,264 14,798,810 32.8 (30.1, 35.5)

Household contacts of persons at high risk including children <2 years
Total 1,698 23,414,554 21.1 (19.1, 23.4) 1,646 21,834,669 10.3 (8.7, 12.0)
18—49 1,406 19,212,052 17.4 (15.4, 19.5) 1,358 17,872,443 7.5 (6.0, 9.2)
50—64 292 4,202,502 38.1 (32.3, 44.3) 288 3,962,226 22.4 (17.7, 27.8)

a This table is based on February—August interviews only.
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Table 2 Influenza vaccination coverage among recommended adult populations by race/ethnicity (2004 NHIS)a

Vaccination rate (95% CI) p***

NH-white NH-black Hispanic Others

Age group
50—64 43.7 (41.6, 45.8) 27.3 (23.2, 31.9) 32.0 (27.4, 37.1) 36.6 (28.1, 46.0) <0.01
65+ 72.7 (70.9, 74.4) 49.5 (43.1, 55.9) 59.0 (52.5, 65.3) 61.8 (47.0, 74.6) <0.01

Persons with high-risk condition
18—64 39.6 (37.0, 42.3) 28.9 (24.1, 34.1) 29.1 (24.0, 34.8) 50.6 (40.3, 60.8) <0.01
18—49 28.3 (25.1, 31.7) 24.1 (18.3, 31.0) 20.1 (14.5, 27.3) 42.0 (27.1, 58.4) <0.05
50—64 52.9 (48.9, 56.8) 36.4 (28.2, 45.4) 45.0 (36.7, 53.5) 59.7 (43.0, 74.4) <0.01

Pregnant women 18.9 (10.9, 30.8) b b b

HCW 47.3 (43.3, 51.5) 29.4 (22.5, 37.4) 33.2 (25.0, 42.4) 46.1 (30.5, 62.5) <0.01

Household contacts of persons at high risk including children <2 years
18—64 26.5 (23.6, 29.7) 12.8 (8.2, 19.3) 11.0 (8.1, 14.7) 15.1 (8.4, 25.5) <0.01
18—49 22.0 (19.1, 25.2) 11.7 (7.1, 18.7) 9.6 (6.9, 13.3) 13.5 (7.0, 24.3) <0.01
50—64 41.8 (35.0, 48.9) b b b

a This table is based on February—August interviews only. NH stands for non-hispanic.
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b The standard of reliability is RSE < 0.3 (where RSE = the ratio of
not meet the standard or there were <30 respondents in the deno
*** p value indicates chi-square test for association between racia

In 2004, 4.4% (156) women aged 18—44 years reported
hey were pregnant when interviewed. From 1997 to 2004,
accination coverage among pregnant women aged 18—44
ears without any high-risk conditions ranged from a low of
.3% in 2002 to 14.4% in 2004 (Fig. 1, Table 1) and did not
iffer statistically compared to non-pregnant women of the
ame age group (p > 0.05) (data not shown). Coverage among
regnant women was stable during 1997—2004 (test for
rend, p > 0.05). Influenza vaccination coverage was 18.9%
n 2004 for non-Hispanic white women who were currently
regnant with no reported medical conditions; estimates for
ther racial and ethnic groups were unreliable due to small
umbers (Table 2).

Among healthcare workers, influenza vaccination
ncreased from 8.3% (95% CI = 7.4—9.4%) in 1989 to 43.2%
95% CI = 39.9—46.6%) in 2004 (test for trend, p < 0.05)
Fig. 1, Table 1), but was significantly lower in 2005. Non-
ispanic white HCWs reported significantly higher coverage

47.3%, 95% CI = 43.3—51.5%) than non-Hispanic African-
mericans (29.4%, 95% CI = 22.5—37.4%), and Hispanics
33.2%, 95% CI = 25.0—42.4%) (Table 2).

Among identified household contacts aged 18—64 years
ho lived with a high-risk person, influenza vaccination cov-
rage ranged from 15.7% to 21.1% during 2002—2004 and was
ignificantly lower in 2005 (Fig. 1). Household contacts aged
8—49 years were significantly less likely than persons aged
8—49 with high-risk conditions to report an influenza vacci-
ation (17.4%, 95% CI = 15.4—19.5% and 27.2%, 95% CI = 24.6—
9.9%, respectively); a similar pattern was observed for
ersons aged 50—64 years (Table 1). Among household
ontacts aged 18—64 years, the estimated percentages of
on-Hispanic blacks and Hispanics having received influenza

accination (12.8%, 95% CI = 8.2—19.3% and 11.0%, 95%
I = 8.1—14.7%, respectively) were lower than those for
on-Hispanic whites (26.5%, 95% CI = 23.6—29.7%). These
acial/ethnic disparities remained when age groups were
plit into 18—49 years and 50—64 years (Table 2).

t
m
r
v
m

tandard error and the prevalence, se/percent), this estimate did
tor.
nic groups with NH-white as the reference group.

In 2005, vaccination coverage among each of the recom-
ended adult sub-groups was significantly lower compared

o 2004, except for pregnant women (Fig. 1, Table 1).

iscussion

he results of this study indicate that national influenza vac-
ination coverage among persons aged ≥65 years of age sub-
tantially increased from 1989 to 1999, but largely plateaued
fter 1999. A significant drop occurred in 2005 due to the
004—2005 influenza vaccine shortage. Among adults aged
65 years, the 2000 national health objective level of 60%

nfluenza vaccination coverage was first attained in 1997.
owever, looking toward year 2010, influenza vaccination
overage in 2004 (70.0%) still remained well below the 90%
arget. The objective of 90% by 2010 is unlikely to be reached
nless effective intervention strategies are developed and
rograms are widely implemented to dramatically improve
nfluenza vaccination coverage among this age group.

Influenza vaccination levels were also far below target
evels for adults 18—64 years old with high-risk conditions
nd were significantly affected by delays and shortages in
nfluenza vaccine. The substantial and unexpected reduc-
ion in the supply of influenza vaccine for the 2004—2005
eason and the delay in vaccine distribution in 2000—2001
re reflected in the coverage results [29,30], but do not
xplain all of the lack of recent progress in improving
nfluenza vaccine coverage in adults aged ≥65 years and
igh-risk persons aged 18—64 years.

Although substantial data exists regarding the benefits of
nfluenza vaccine in high-risk groups, only one randomized

rial of influenza vaccine has been conducted among com-
unity dwelling persons 60 years and older [1,15,31—33] and

ecent articles have questioned the benefit of the influenza
accine particularly among the elderly [34—36]. Although
any frail elderly may not respond optimally to influenza
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vaccination, the vaccine remains the single best preven-
tion tool against influenza and its complications. Raising
influenza vaccination rates among the elderly and among
their contacts, including health care workers, can only serve
to better protect those most vulnerable to influenza com-
plications. Communication challenges in sustaining interest
and effort toward obtaining vaccination each year are
formidable, but may be more sustainable if vaccine supply
remains reliable in future years.

Trends in vaccination coverage among HCWs indicate
some progress in improving coverage in this group. Health
care workers can spread the highly contagious influenza
virus to patients and may have contributed to the death of
patients [37—39]. Despite being recommended annually for
health care workers by ACIP, and being part of the Standards
for Adult Immunization Practices [40], influenza vaccination
coverage among health care workers was not optimal.
Moreover, approximately 70% of health care workers stated
they had worked despite having influenza-like symptoms,
further highlighting the importance of influenza prevention
efforts, including following infection control measures
in this group [41]. Although rates of health care worker
vaccination are low, with moderate efforts, organized
campaigns can obtain much higher rates of vaccination
among this population [25,42].

Pregnancy can increase the risk for serious medical
complications from influenza infection [43—46]. In 1997,
the ACIP recommended that women who will be in the
second or third trimester of pregnancy during the influenza
season need to get the influenza vaccination [47]. In 2004,
the recommendation was expanded to include all women
who are pregnant during the influenza season [1]. Pregnant
women were the least likely of recommended adult target
populations to be vaccinated, ranging from 9.3% to 14.4%,
1997—2004. In a study of influenza vaccination during
pregnancy, 22% had discussed influenza vaccine with their
physicians during pregnancy, with only 8% of respondents
having been vaccinated [48]. Concerns about safety of
any drug or vaccine use during pregnancy likely affects
willingness of pregnant women to seek vaccination. How-
ever, no risk to pregnant women or their unborn children
from influenza vacation has been demonstrated [49,50].
In order to improve vaccine coverage, the Ob/Gyn role as
the primary care provider who vaccinates pregnant women
should be promoted and successful strategies need to be
identified in these settings.

Decreasing transmission of influenza from household con-
tacts to persons at high risk might reduce influenza-related
deaths among persons at high risk. Influenza transmis-
sion in households is a subject of renewed interest. One
study showed that overall in 279 households in which a
person was diagnosed with influenza, 131 (24.1%) sec-
ondary influenza cases occurred among the 543 households
contacts [51]. ACIP recommends that close contacts of per-
sons at high risk for complications from influenza should
receive influenza vaccine [1]. Limited information is avail-
able regarding use of influenza vaccine among household

contacts. Approximately 70 million persons aged 18—64
years without other indications for influenza vaccination are
household contacts in the U.S. [52]. But this study showed
the coverage among household contacts aged 18—64 years
was only 21.1%. Providers need to recommend and pro-
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ide vaccinations to household contacts. Further studies
re needed to determine why providers are not encour-
ging more strongly influenza vaccination for household
ontacts.

The findings in this study indicate a marked differ-
nce in influenza vaccination coverage by race/ethnicity.
on-Hispanic whites were persistently more likely to be
accinated than non-Hispanic blacks and Hispanics among
ersons aged ≥65 years, high-risk persons aged 18—64 years,
ealth care workers, and household contacts. For pregnant
omen only non-Hispanic whites had a large enough sample

ize for reliable estimates of coverage. Our results concur
ith the findings of other studies that have documented

acial/ethnic differences in influenza vaccination in the
nited States [21,24,25,53—55]. These differences may
esult from a combination of factors, including differences
n attitudes toward vaccination and preventive care,
ifferences in patient—provider interactions, differences in
ropensity to seek and accept vaccination, and differences
n quality of care [24,25,53—59]. Further studies are needed
o examine the contribution of other factors so that we can
ore fully understand the complex causes of these patterns

nd especially ways to overcome barriers blocking higher
overage.

There were limitations that may affect the generalization
f the results. All data for this study were collected by self-
eport by an adult family member and influenza vaccination
tatus and high-risk conditions were not validated against
edical records. However, adult self-reported vaccination

tatus has been shown to have high sensitivity and moder-
te specificity [60], with a range of 5—11% net over reporting
ias. A second limitation is that we cannot directly assess
eason-specific estimates from 1989 to 2004 because individ-
als were asked ‘‘During the past 12 months, have you had a
u shot?’’ From 2005 on, ‘‘Which month and year did you get
our most recent flu shot’’ was added to the questionnaire
hat will allow us to more accurately evaluate influenza vac-
ination coverage by season. In 2005, estimated coverage
or the 2004—2005 season among persons aged ≥65 years
ased on reported month/year (September 2004—January
005) was similar to coverage based on February—August
nterview data (58% vs. 60%). A third potential limitation is
hat we identified pregnant women based on being pregnant
t the time of the survey; information on the stage of preg-
ancy or due date was not available. In addition, we could
easure influenza vaccination coverage on only a subset of

ousehold contacts of high-risk persons. Finally, informa-
ion was not available for some high-risk conditions (such
s neurological-related conditions that impair lung function)
dentified by ACIP.

Substantial improvement in annual influenza vaccination
f currently recommended groups, their household contacts
nd healthcare workers, and elimination of racial and ethnic
isparities in influenza vaccine coverage are needed to max-
mally reduce the health impact of influenza. Strategies to
mprove coverage in adults include institution of reminder-
rograms, implementation of standing orders programs,
nd utilization of alternative, convenient locations in
ddition to medical settings for adults to obtain annual
nfluenza vaccine, such as worksite vaccination programs
41,61,62].
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